OPTIMIZATION FOR POWER USAGE.
In today's 'green' economy two commodities now raise their heads for possible optimization -water and electrical power. The problem of water has been on concern in the UK since the Water Act of 1974 caused substantial price increases to be instituted from artificially low levels typical of traditional nationalised utilities to a realistic level needed for future investment in expanded supply and maintenance of old infrastructure. In metal finishing companies electricity usage is defined and controlled by current or current densities but it is bought as power and the voltage parameter can be considered as the driving force to attain the currents required. This manifests itself as circuit resistance or conductivity some of whose deleterious characteristics are well-known. These include bad contacts and switching, busbar cleanliness, short power line distances etc. The solution itself has rarely been considered because its formulation has been driven by other considerations as already cited. What opportunities exist? Some are quite minor and can be disregarded: for example, the use of levelling agents such as gelatine which form viscous electrode layers not only lower the cathode efficiency by 3-10% but add to the voltage drop by 10-70mV. These are normally regarded as trivial. Two aspects will be considered briefly.
Firstly, the optimization of solutions for maximum conductivity and secondly the choice of agitation method. Present-day solution formulations have usually been based on historical bases and not often questioned very critically. Thus the cyanide formulations for silver and gold can be easily traced back to those of 1840-1850 with modifications relating to use of additives and control of carbonate etc breakdown products. The 'Watts' nickel solution was designed by Professor Watts [1] , at the request of the American Electroplating Society and industry, primarily to attain a stable solution of high efficiency (hence the use of boric acid and close pH control) and good anode dissolution (hence the inclusion of a low concentration of chloride). Few solutions have been challenged for their power profligacy. One can be cited from the days when electroforming was a development challenge, and electroforming of iron foil was an especial challenge [2] [3] . It was believed that the economic advantage of electroforming over rolling for foil production was so marginal that a saving of 2V in the process made profit feasible hence a large study of conductivity salts and use of saturated chloride solutions at ~100°C was under development. The use of Conductivity Salts has a long but not very active history so the principles are clear but not widely considered [4] . More important is the understanding that most solutions have an optimum concentration for maximum conductivity due to the dissociation of the salts in solution: up to the critical value the salts are fully ionised but above that value incomplete dissociation occurs and conductivity falls. This principle has long been worth exploring. The most interesting case is the sulfamate solution which was much heralded on invention for its very high solubility, and hence potential for high speed plating at ~1000g/l, but which in practice was recommended at ~600g/l. The reason for the recommendation is not clear from the literature but could be related to its optimal conductivity. Increased temperature ( fig.2 ) has a small effect, Change of pH ( fig.3 ) also has a small effect but is dominated by the need to maximise current efficiency (pH>2) and minimise hydroxide precipitation (pH<6). However, modification of the Watts solution by adding chloride or replacing sulphate has clear advantages for conductivity ( fig.4 ). Its use in this way, however, will add to costs and is therefore not attractive. It is widely believed that most electroplating processes are optimal at ~30°C but these grounds are based primarily on the need to heat the solution for better performance compared to the inevitable losses due to heat transfer. It is convenient however that the lowest resistive heating cost due to the solution itself tends to leave the solution in well-insulated tanks at 25-30°C so for once coincidence is convenient.
CONSIDERATION of SOME NICKEL SOLUTIONS.
Agitation for such solutions is traditionally by air agitation. It is now well-established that air is insulative in the two-phased solution and when distributed as small bubbles causes a typical loss of conductivity of 20-40% [7] . A small scale laboratory testing showed this to be true ( fig.5 ) but omitted detailed measurements for varying cathode position in the small tank. A number of air-free agitation methods exist -cathode reciprocation, vibratory agitation, eductor jetting etc; the most appropriate technique should be adopted. However, the environmental bonus of eductor agitation is the virtual absence of spray-mist which carries with it hidden costs of extraction and scrubbing.
The conclusion is, therefore, that some scope for improved power efficiency in nickel plating exists by changing the solution concentrations but the largest opportunity exists for the use of air-free agitation. Eductors offer the obvious type of air-free agitation when their use is technically feasible. 
